A B S T R A C T The proportions of fatty acids in lipids of subcutaneous adipose tissue was compared in closely age-matched, urban men from two populations with a great difference in mortality from arteriosclerosis, namely in 50 Americans and 56 Japanese aged 15-65 yr who had died suddenly and unexpectedly. Specimens from both groups were analyzed side by side for fatty acids by gas-liquid chromatography. Compared with Japanese, Americans had significantly (P < 0.01) higher proportions of lauric (+ 0.2%), myristic (+ 0.4%), palmitic (+ 1.4%), stearic (+ 2.2%), and oleic (+ 5.3%) and lesser of palmitoleic (-1.8%), linoleic (-6.3%), and linolenic (-0.4%) acids. Japanese had higher proportions of longer chain polyunsaturated fatty acids. The distributions of fatty acids for the groups at ages 35-44 yr had significant differences. With age, Americans showed significant increases of palmitic and oleic acids and decreases of lauric, myristic, stearic, and linoleic acids; Japanese showed no correlations of proportions of fatty acids with age. The significant correlations between per cent standard body weight and fatty acids in Americans were positive for palmitic and negative for lauric and stearic
INTRODUCTION
Arteriosclerotic heart disease occurs in Japanese with rates of incidence and mortality one quarter or less of the rates of Americans (2, 3). The factors responsible for this difference are poorly understood although knowledge about them might aid in treating this disease and controlling its development in the United States. The Japanese appear to be susceptible to the development of advanced stages of arteriosclerosis since Japanese living in Hawaii and the continental United States experience mortality rates from arteriosclerosis greater than those of Japanese in Japan (4) . This indicates that the development of this disease may be controlled in part by factors in the environment.
Salient differences between the Japanese and Americans as regards arteriosclerosis are that the former have less extensive and less advanced development of lesions of arteriosclerosis (5, 6) and their concentrations of cholesterol in plasma are among the lowest observed in technicologically advanced countries (7, 8) . Since arterial lesions of arteriosclerosis show prominent accumulations of lipids, altered lipid metabolism appears as a hallmark of the disease and provides an obvious avenue for investigation of its pathogenesis.
To describe and characterize further the differences
The Journal of Clinical Investigation Volume 48 1969 between these groups that may account for the differences in morbidity and mortality from arteriosclerosis, we have compared the characteristics of arteriosclerosis of the thoracic aorta and the concentration and composition of lipids in various tissues in Japanese and American men during the development of arteriosclerosis. Our results will appear in a series of reports, of which this, the first, is concerned with a comparison between the fatty acid composition of adipose tissue of Japanese and American men. Fatty acids in the diet, and possibly in adipose tissue, may directly control the development of arteriosclerosis by influencing the concentration of plasma cholesterol (9) (10) (11) . Adipose tissue fatty acids may directly influence the development of arteriosclerosis by being the major source of fatty acids in the internal environment through their mobilization and rapid flux as free fatty acids of plasma. The proportionate distribution of certain fatty acids of adipose tissue appears to correlate with the severity of coronary arteriosclerosis in Americans (12) . The characteristics of the national diet of the Japanese, potentially the major factor of the environment influencing arteriosclerosis and the fatty acid composition of adipose tissue, have been described in detail (13) . Relative to the diet of Americans, the diet of Japanese is lower in the proportion of total calories derived from fat, and the fat is largely provided as vegetable foods. The Japanese diet has a higher proportion of carbohydrate with most of it in the form of complex polysaccharides; the protein content is similar to that of the American diet but is provided largely in vegetable foods. General design of study. The study was designed to obtain a comparison between the extent and lipid content of arteriosclerosis of the aorta and the lipid content of various tissues of contemporary Japanese and American men at autopsy. All subjects had died suddenly and unexpectedly, and were ostensibly healthy before death. The subjects of each group were evenly distributed by age over the years encompassing the development of arteriosclerosis; this made possible the measurement of associations of various chemical changes with age and with the disease. The goal was to obtain 10 subjects of each race group in each decade (a groupdecade cell) for five decades, a total of 50 subjects in each of the two groups. With the expectation that Americans had an earlier and more rapid development of arteriosclerosis than the Japanese, the youngest decade for Americans was the second, and for the Japanese the third, whereas the oldest decade for Americans was the sixth, and for the Japanese the seventh. For some studies extra subjects were added to this core collection. To be able to test for associations among the concentrations and compositions of lipids in various tissues, we sampled aorta, serum, liver, muscle, skin, and adipose tissue from each subject at necropsy. Due to the vagaries of availability of subjects and tissues some group-decade cells were not completed and not all tissues were obtained on each subject. When collection of specimens was concluded, analyses were begun. All analytical procedures were standardized to minimize laboratory error. Random numbers were used to determine the order of selection of samples and a master schedule for the sequence of all analyses. Japanese and American specimens were paired for analyses side by side. For each decade of age of each race group all available samples were arranged in order of date of collection and 10 samples were selected for analysis. The 10 specimens selected from the Japanese were paired with specimens from the Americans of the same decade of age to obtain matching within the decade of age. Specimens from the teen-aged Americans were paired with those from Japanese sextagenarians when there were insufficient specimens for matching within the same decades of age. The order of laboratory analysis of these JapaneseAmerican pairs was scheduled by identifying the decades in random order and selecting from each a Japanese-American pair of subjects. When all the decades had been sampled once, a cycle was completed, and the procedure was repeated until, with a total of 10 cycles, all pairs of subjects had been selected. The sequence of these 50 selections was the master schedule for all analyses in so far as possible. Incomplete pairs were analyzed in the proper sequence. Deviations from this scheme, as in studies with extra subjects, have been noted.
METHODS
Tissue specimens. Tissues were obtained from men dying suddenly and unexpectedly, 50 Caucasian and Negro American men dying in Cleveland July 2 to August 19, 1966 , and 56 Japanese men in Tokyo September 15 to December 18, 1966 . These included 11 Americans and 7 Japanese added to the 4th and 5th decades of the core collection for the study of fatty acid distribution. The distribution of cases by decade of age and race is summarized in Table I. The  causes of death are summarized in Table II . No subject showed evidence of cachexia or debilitating disease. The autopsy diagnoses of cause of death in the two groups cannot be strictly compared, particularly for heart disease, because of differences in diagnostic criteria and pathological practices. For example, pokkuri, the Japanese term for sudden death without obvious pathological changes and felt to be owing to acute circulatory failure, was diagnosed in five Japanese subjects. Nonetheless, in our groups Americans clearly had a much higher incidence of arteriosclerotic heart disease than did Japanese. In Americans, recent or remote myocardial infarction or coronary artery occlusion was the cause of death or an incidental observation in 12 cases. In the Japanese only one, a 61 yr old, demonstrated coronary artery thrombosis; no other cases of remote coronary occlusion, recent or remote myocardial infarction, or significant stenosis of the trunk of the coronary arteries were observed. Japanese characteristically had a higher incidence (14) . The standard for Japanese was the 50th percentile weight value for nude men at age [25] [26] [27] [28] [29] yr from measurements in Hiroshima and Nagasaki (15) . These standards, while not strictly appropriate, are the best available for evaluating the weights of our subjects. Subjects with cachexia may have severe distortion of the composition of their adipose tissue. In preliminary studies 10 Japanese with an average age of 67.8 yr and body weights averaging 75% of their standard weights, had scanty, intensely yellow adipose tissues usually with a marked reduction in its concentration of triglyceride. The fatty acid composition of these specimens was significantly different from that of the sudden death subjects having a higher proportion of oleic and lower proportion of linoleic acids. The concentration of cholesterol in the serum, liver, and skeletal muscle of these subjects appeared abnormal also. None of the subjects in the present study had these characteristics.
Specimens of subcutaneous adipose tissue were obtained at autopsy from the midline of the anterior abdominal wall. They were received in the form of the full thickness of the abdominal wall from the edge of the autopsy incision including skin, fat, and muscle, 3 cm wide and 6 cm long. Tissues were moistened with physiological saline solution, sealed in a vapor-barrier plastic bag,' frozen at -15'C, and stored for 6-12 months before analysis. A previous study has shown no effect of storage on fatty acid composition under these conditions (16 24 .39%, for palmitic acid 11.06 ± 0.03 and 11.01 ±0.05 vs. 11.00%, and for stearic acid 64.53 ± 0.10 and 64.74 ±0.14 vs. 64.61%. In preliminary studies the recovery of pure arachidonic acid methyl ester was 98% complete. The analysis of each sample was completed within 3 days. The chromatograms of the duplicate samples of each specimen were performed the same day. Samples were analyzed in the randomized sequence, dscribed above, designed to minimize the possible effects of laboratory variation and bias. Specimens from the 18 extra subjects were analyzed in an order with intermixing by race. Judging acceptable agreement between analyses of duplicate tissue samples by criteria derived from a study of the components of variation in fatty acid measurements (16) , analysis of three specimens had to be repeated.
The distribution of the proportions of fatty acids in both groups were determined for the 35-44 yr age range using 19 Japanese and 19 Americans. The distributions were plotted as the cumulative frequency of the percentages and were tested for significant group differences by the Kolgomorov-Smirnov test (20) . The (16) , except that only the difference with stearic acid was significant (P < 0.01). Study of the distribution of proportions of the major fatty acids in middle-aged subjects show further differences between Japanese and Americans (Fig. 1) . The distributions of palmitic acid were significantly different, P < 0.01, probably due to the moderate positive skewness of the Japanese (distribution curve tails asymmetrically to the right due to individuals with high values of palmitic acid) and the small difference in location of the means. With stearic acid the difference appeared due to the Americans' higher mean proportion and greater dispersion. Although most Americans had values in a range above that of the Japanese a few Americans had proportions similar to the lower range for the Japanese. Oleic acid differed in the means and greater dispersion of the Japanese. For linoleic acid the means were different and Japanese had a wider dis- creases in palmitoleic and oleic acids as age increased (Table IV and Fig. 2 ). Palmitic acid proportions were not correlated with age. The percentage of standard body weight correlated with the proportions of some fatty acids (Table V) .
With increasing body weight in Americans, palmitic acid increased, and lauric and stearic acids decreased In Japanese myristic acid decreased. The correlation coefficients between the percentages of the major acids, the coefficients expected from the 24.0- / JAI N6 // JAPANESE constraint that the sum of the percentages of the acids is 100, and the net correlation coefficients are given in Tables VI (Americans) and VII (Japanese). Significant net correlations, P < 0.01, were observed in both groups. While both groups had significant net correlations between the same four pairs of acids, each group also had a number of unique correlations. Both showed significant positive correlations between lauric and myristic, myristic and myristoleic, and myristoleic and palmitoleic acid. Both had a significant negative correlation between palmitoleic and stearic acid. Americans had seven unique correlations: five negative, lauric and oleic, myristic and oleic, myristoleic and stearic, myristoleic and linoleic, and palmitoleic and linoleic, and two positive, lauric and myristoleic, and palmitoleic and oleic. Japanese had three unique correlations: one negative, oleic and linoleic, and two positive, palmitic and palmitoleic, and palmitic and oleic. In Japanese, five cating that the gross lipid compositions of their tissues were normal and comparable. The low content of cholesterol with the expected low proportion of cholesterol esters and proportionally low concentration of phospholipid (21) would not contribute significantly to the total fatty acids in adipose tissue measured in this study. Hence these fatty acid analyses can be regarded as representative of the fatty acids of adipose glycerides. The quality of the gas chromatographic analyses was carefully validated and monitored. The fatty acid composition of adipose tissue in our Japanese and American men resembled those reported in earlier studies (Table VIII) , indicating that the subjects of our groups were probably not different from those of other studies and that each group may be representative of its national population. The differences observed between Caucasian and Negro Americans for the major fatty acids are generally smaller than those observed here between Japanese and the American group comprised of Caucasians and Negroes (16) . The differences between Japanese and Caucasian Americans, and between Japanese and Negro Americans are similar to those between Japanese and the grouped Americans.
Significant differences between Japanese and Americans occurred with each relationship of the proportions of fatty acids we examined: the mean proportions of fatty acids, the distribution of proportions, the correlations of fatty acid proportions with age and body weight, and the patterns of interacid correlations.
The mean proportions of all major and many minor acids were significantly different between the groups in spite of the effects of increasing age in Americans to reduce some differences. In the only published comparison between Japanese and American adipose tissue, Hegsted, Jack, and Stare observed differences, some of which we calculate to be significant, similar to those we report here (26) . In their data Japanese proportions were lower for stearic and oleic acids, and higher for palmitoleic, all with P < 0.01. The sources of their study populations were not described in detail. The analysis of the distribution of proportions of fatty acids in the two populations showed significant differences for palmitic, palmitoleic, stearic, oleic, and linoleic acids. These differences occurred variously with three characteristics of distribution: mean proportion, skewness, and dispersion. The biochemical interpretation of differences in skewness and dispersion are matters of speculation at present. In Japanese the moderate positive skewness of palmitic acid values could be due to the presence in our study population of two or more groups with different palmitic acid values, or due to the control of proportions of palmitic acid by many factors of approximately equal power. The wider dispersion of values of linoleic acid in Japanese, and of stearic acid in Americans might depend upon the opportunities for broader ranges of dietary intake of these acids. In comparing diets of the groups the Japanese have a higher proportion of linoleic acid whereas the Americans have a higher proportion of stearic acid. In both groups the proportion of these acids in the diet fats exceeds the proportion in the adipose fats (Table X) . The analysis of the distributions of adipose fatty acids in a single population or in a comparison of different populations has not been reported before.
Significant correlations between age and the proportion of certain fatty acids appear to be a true characteristic of Americans but not Japanese (Table IX) . It is demonstrable in Americans if the examination covers most of the adult range of age, from the 20's through the 50's. With increasing age, decreasing proportions occur with lauric, myristic, stearic, and apparently linoleic acids, while increasing proportions occur with oleic and possibly palmitoleic acids. Although a significant relationship between palmitic acid and age was observed in a previous study (16) , it was not seen in the present study probably because the older ages were not covered. Since the analysis is made on successive cohorts of Americans the changes with age could be due to genetically determined cohort differences, or, more likely due to differences in choices of diet. The fact that the Japanese show no changes with age means that changing composition of adipose fatty acids is not an essential accompaniment of the ageing process.
Significant correlation between the per cent of standard body weight and the proportions of certain fatty acids appear to be present for Americans whereas Japanese show a correlation with only one acid, myristic. In Americans the positive correlation with palmitic acid in the present study is consistent with the correlation between skin fold thickness and palmitic acid reported previously (36) . Negative correlations occurred with lauric, myristic, and stearic acids (16, 36) . These differences between the races may reflect differences in availability of the acids. The correlation between palmitic acid and body weight in the present study was not seen in our study covering older ages (16) possibly due to the decrease of the proportions of palmitic acid with age in the older groups.
The significant associations between proportions of the major fatty acids within each group are summarized in Fig. 3 . Here each fatty acid is represented by a circle whose area is proportional to the acid's percentage of the total fatty acids. Significant correlations between acids are indicated by a continuous line when P < 0.01 and by a dashed line when P < 0.05. those immediately following indicate that patterns of interacid correlations may be stable characteristics useful in comparing populations and in investigating their fatty acid metabolism. The present data on the group differences of interacid correlations are the first to provide a basis for proposing realistic interpretations of the interacid correlations in man. These relationships among fatty acids of adipose tissue, and how the relationships may be different with differences in diets and incidence of arteriosclerosis have not been studied, although an understanding of them may provide insight into the fatty acid metabolism associated with this disease. In general, the interacid correlations may be viewed as indicating the major currents within the total complex of fatty acid metabolism of the whole body (the coordination of synthesis, interacid conversion, and catabolism) and the effects of exogenous dietary acids. The correlations may be due to the unique action of specific acids or the impression by the mass action of fatty acids dominating the supply of acids. As Japanese and American adipose tissues present some opposite extremes of fatty acid composition they may also present the extreme values of interacid correlations. The correlations common to both groups may represent the interacid relationships that are firmly fixed in all men; in contrast, correlations exclusively in one group or the other may represent interacid relationships that are alterable. Study of the circumstances associated with these two types of correlations may provide some understanding of them. The persistent absence of a correlation may identify acids that have no common or closely similar metabolic mechanisms. With these precepts we propose that the correlations common to Japanese and Americans with P < 0.01 may represent closely restricted relationships between two acids, possibly by linking of enzymic processes. However, these interpretations must be viewed cautiously as they are based on measurements of mass of acids without consideration of their flux, and use simple concepts of metabolism and of the influence of obvious factors. With the correlations common to both groups, for example, the positive correlations between lauric and -myristic may represent the close linking of the synthesis of the two major saturated acids with carbon chains shorter than palmitic acid, the major stem acid. Similarly the positive correlation between myristoleic and palmitoleic acids may represent close linking of the synthesis of shorter chain monoene acids. The positive correlation between myristic and myristoleic may represent a precursor-product relationship. The negative correlation between palmitoleic and stearic acid may represent their competition for palmitic acid as a common precursor.
The group-specific correlations, with P < 0.01, may represent alterable, rather loose relationships dependent not primarily upon common or closely similar enzymic mechanisms, but upon general effects, as that of mass action. The effects of diet by introducing a fatty acid mass of fixed composition, large or small relative to the body's content, may be the dominant influence here since this is the most evident difference between Japanese and Americans. The smaller proportion of fat and the higher proportion of carbohydrate in the Japanese diet may provoke more active endogenous synthesis of certain fatty acids in Japanese. For correlations unique to Americans we hypothesize that the positive correlation of palmitoleic-oleic represents imposition of the fatty acid pattern of the diet fat or the effects of stimulation of synthesis of longer chain monoene acids. The negative correlations of lauric and myristic with oleic acid could be due to dilution of the shorter chain acids by the dominant mass of oleic in the diet. The negative correlations of myristoleic and palmitoleic with the essential acid linoleic could be due to unique effects of linoleic on their synthesis, or more simply the diluting effect of this prominent diet acid. For correlations unique to Japanese we propose that the positive palmitic-oleic and palmitic-palmitoleic correlations could be relationships between the major products of a common synthetic mechanism. The negative correlation between oleic and linoleic acids could represent a reciprocal relationship determined by the fatty acid pattern of the diet.
The most important factor influencing adipose fatty acid composition appears to be diet. That changes in diet can alter adipose composition, and that unusual dietary intakes are associated with extreme values of adipose has been observed only recently in man although it has long been known in animals (37) . The composition of adipose in Americans can be greatly altered toward that of individuals on a largely vegetarian diet and may ultimately obtain linoleic acid proportions exceeding that generally reported for vegetarian diets (38) . The alterability of adipose fatty acid composition is characteristic of all race groups and not limited to Caucasians, as it has been seen in Koreans whose vegetarian pattern of adipose acids can be changed toward the American pattern by eating an American diet (31) .
The relatively high proportion of oleic acid seen in Americans is not near the maximum, as it is greatly exceeded in Cretans whose average of 61.9% is due to diets rich in oleic acid from olive oil (39) .
Knowledge of the relationships of the diets to adipose composition in our subjects is limited, owing to lack of diet information on individual subjects. As a substitute, comparison with the estimated fatty acid composition of A relationship between arteriosclerosis and fatty acids seems likely but is poorly defined at present. Studies have shown that alteration of diet fats may modify the morbidity and mortality from coronary heart disease while they lower serum cholesterol and alter the fatty acid composition of adipose tissue (41) (42) (43) (44) . The uncertain relationship of specific fatty acids to arteriosclerosis is due to observations that different acids correlate with different measures of arteriosclerosis. In the high coronary risk American population the higher proportion of oleic acid in adipose fat and its increase with age are prominent (16) . In arteries the proportion of oleic acid in cholesterol esters is higher in arteriosclerotic lesions than in normal intima (45 10 .2% (46), indicating an increased ingestion of vegetable fats. In Japan during the last decade, the diet has been steadily increasing in the content of fat and in the proportion of fat derived from animal sources (13) . No data on possible Japanese adipose changes are available. If these trends continue in each nation and ultimately affect the morbidity and mortality from arteriosclerosis, future comparisons of Japanese and Americans may be able to identify more definitely the fatty acids crucial to the pathogenesis of the disease.
